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SLIDING ELEMENT, IN PARTICULAR FOR
A STRETCHING INSTALLATION AND/OR
CONVEYOR CHAIN, AND ASSOCIATED
STRETCHING INSTALLATION OR
CONVEYOR CHAIN

This application 1s the U.S. national phase of International
Application No. PCT/EP2018/062487 filed 15 May 2018,
which designated the U.S. and claims priority to DE Patent
Application No. 10 2017 115 175.3 filed 6 Jul. 2017, the
entire contents of each of which are hereby incorporated by
reference.

The invention relates to a sliding element, 1n particular for
a stretching installation and/or conveyor chain, and to an
associated stretching installation or conveyor chain in accor-
dance with the preamble of claim 1.

TECHNICAL FIELD

Stretching installations are used in particular 1n plastics
material film production.

Sequential stretching installations are known in which a
plastics material film 1s stretched 1n two successive stages,
for example 1nitially 1n a longitudinal direction and subse-
quently 1n a transverse direction (or vice versa).

Simultaneous stretching installations are also known 1n
which a plastics matenal film can be stretched 1n a transverse
and a longitudinal direction simultaneously.

PRIOR ART

A generic transverse stretching installation or transverse
stretching stage within a stretching installation 1s known
from U.S. Pat. No. 5,797,172 A, WO 2014/94 803 Al or DE
198 57 289 C1. In these prior publications, a material web
to be stretched, thus generally a plastics material film, 1s
gripped using pegs which are fixed to chains and which are
arranged displaceably on peripheral guide rails on both sides
of the material web to be stretched. In this context, the pegs
are displaced 1n succession from an entry zone (in which the
edge for example of a plastics material film to be stretched
1s gripped) via a stretching zone (1n which the opposite pegs
are moved away from one another on the guide rail portions
with a transverse component diverging from the conveying
direction) to an exit zone, and subsequently back to the entry
zone on a return path, 1t being possible for the film to be
subjected for example to some amount of relaxation and/or
heat post-treatment 1n the exit zone. This transverse stretch-
ing 1nstallation comprises a guide rail along which the
conveyor chain 1s guided.

The conveyor chain 1 general and the peg bodies in
particular, which are formed positioned oflset on the chain
links 1n the longitudinal direction of the conveyor chain,
have sliding elements or roller elements which are moved
together with the peg and which are positioned on the two
opposite running and sliding faces, which face away from
one another and extend vertically and mutually parallel. In
this context, the carrier bodies which are attached to chain
links may have sliding elements present in a plurality of
sliding planes. In simultaneous stretching installations, both
the guide rail elements and the control rail elements may be
equipped with sliding elements.

DE 198 57 289 C1 discloses an improved method for
lubricating conveyor systems and parts thereot, in particular
for lubricating corresponding parts of a stretching installa-
tion, and an improved lubricant device. A corresponding
conveyor system having improved lubrication 1s brought
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2

about as a result of continuous micro-amount lubrication,
making it possible to reduce lubricant consumption.
Elastomers, thermoplastics or thermosets containing

graphite sliding elements and/or graphite particles are
known 1n principle from WO 2014/94 803 Al and DE 39 25

737 Al.

EP 0 138 117 A2 further discloses a fabric web conveyor
chain, in which a carrier body for pegs 1s fixed as considered
in the chain longitudinal direction and these chain links have
approximately a sitdeways U shape in the chain cross section.
On ecach of these specially shaped chain links, large-area,
specially shaped plates of lubricant-free sliding matenial,
preferably low-1Iriction polytetratluoroethylene, are fixed to
the lower U limb by rivets. These sliding material plates are
also specially shaped 1n such a way that they fit together with
correspondingly made recesses 1n the associated chain links.
This structural configuration alone requires the production
of a base chain formed specially for this purpose, with
complex chain links for the individual carrier bodies.

WO 2014/94 803 Al discloses sliding elements which can
absorb both the film forces and chain forces and the gravi-

tational forces of the chain.
EP 0 471 329 Bl and EP 1 652 877 B1 describe the use

ol synthetic-resin-bonded impregnated graphite as a sliding
body.

OBJECT OF THE

INVENTION

Against this background, the object of the present inven-
tion 1s to provide a shiding element, in particular for a
stretching 1nstallation and/or conveyor chain, on the one
hand, and an associated stretching installation or conveyor
chain, on the other hand, the sliding elements and the
stretching 1nstallation or conveyor chain fitted with the
sliding elements being formed in such a way that the
lubricant requirement can be reduced considerably by com-
parison with conventional sliding elements or stretching
installations or conveyor chains.

The object 1s achieved according to the imvention in
accordance with the features specified mn claim 1, for a
sliding element, and in accordance with the features speci-
fied mn claim 11, for a stretching installation or conveyor
chain. Advantageous embodiments of the invention are
specified 1n the dependent claims.

It has to be noted as highly surprising that, for the
operation of conveyor chains (which are moved on guide
rails (and control rails in simultaneous systems) by means of
which the conveyor chains are supported and carried) and in
particular for the operation of stretching installations, the
use of the sliding elements according to the invention makes
it possible for the necessary lubricant requirement by com-
parison with the prior art to be reducible drastically.

The use of graphite shiding elements was well known 1n
the prior art. As stated previously, sliding bodies which
consist of or comprise graphite can be derived as being
known from EP 0471 329 B1 and DE 197 49 785 Al. These
previously known sliding bodies are impregnated with 1nor-
ganic salts and then with polymers.

In the context of the invention, however, 1t has been found
that the graphite sliding elements known 1n the prior art, and
in particular also the aforementioned graphite sliding ele-
ments, are less suitable for the use of conveyor chains and
in particular 1n stretching installations.

Particularly good results can be achieved 1n the context of
the mvention if one or more of the following preferred
variants and/or conditions are implemented or met:
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The sliding elements are provided with an impregnation,
preferably 1n the form of morganic salts, in particular
phosphates (salts and esters of orthophosphoric acid)

The sliding elements are impregnated with metal salts, 1n
particular 1n the form of aluminium phosphate (AIPO,,).

The 1morganic salts, in particular 1n the form of phosphates
and particularly preferably in the form of aluminium
phosphate, are embedded 1n the sliding element or
sliding body 1n a proportion of 1% by weight to 20% by
weight.

The phosphates and 1n particular metal phosphates should

preferably have particle sizes in the region of d50=30
um, d90=100 um and d50=5 um, d90=15 um, and
particularly preferably of d50=7 um, d50=30 um.

The sliding elements are fully impregnated not only 1n a
surface region or a surface layer up to 1 mm or 2 mm,
but preferably completely.

The starting materials required for manufacturing the
sliding elements are “baked” together using a suitable
method, for example by 1sostatic pressing, ultimately
causing the sliding elements to be produced.

The particle sizes and the particle distribution of the
graphite powder used as a starting material for manu-
facturing the sliding elements should also be 1n par-
ticular ranges. The maximum particle size distribution
(average particle size, expected value) of the graphite
powder used as a starting material, but also of the
sliding element manufactured by pressing, 1s between 3
and 15 um, depending on the desired mechanical val-
ues, for example the bending strength. Preferably, aver-
age particle sizes between 7 and 10 um have been found
to be suitable. Sizes between 14 and 18 um as a median
d(50), between 2 and 4 um as a d(10) and between 42
and 50 um as a d(90) have been measured. (The values
d,,, dsn and dg, are used to characterise a particle size
distribution. The d., value i1s defined as the average

particle size distribution [DIN 13320]. The values d,

and d,, are used to describe the width of a particle size
distribution d ., =d_-d, ).

The open pore sizes and/or pore distribution of the shiding
clements 1s at least =8 by volume or preferably =9% by
volume, 10% by volume, 11% by volume, 12% by
volume, 13% by volume, 14% by volume or =15% by
volume. In this context, the corresponding values for
the open pore size of the sliding element should also be
<20% by volume, in particular =18% by volume, 16%
by volume, 15% by volume, 14% by volume, 13% by
volume, 12% by volume or in particular =11% by
volume.

The sliding elements have for example oil-saturated pores
or 1n general fluid-filled pores, specifically under con-
ventional operating conditions, for example at an air
humidity of =5 (preferably 8-20) [g/m”].

In tests, 1t has been found to be particularly advantageous
if the pores of the sliding elements are soaked with o1l as
completely as possible, for example by storing them 1n an o1l
bath for several hours before they are installed 1n the bearing
clements. This primary saturation greatly reduces wear.

The particle sizes and particle distributions of the graphite
are essential for example for the mechanical property of the
sliding element. This relates not only to the wear properties,
but also to the bending strength of the material, for example.
Likewise, the particle size and distribution of the graphite
powder (as a starting material or in the pressed form aiter the
final sliding element has been manufactured) influence the

thermal and chemical behaviour.
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4

The morganic salts and the size and size distribution
thereol influence the friction behaviour and thus the wear
behaviour.

In this context, the most important condition for achieving,
the advantages according to the invention 1s that the shiding
clements have a mimmimum pore size as specified. An addi-
tional improvement can therefore be achieved 1t the sliding
clements, as mentioned, have been appropriately impreg-
nated using inorganic salts (1n particular phosphates) and/or
been subjected to 1sostatic pressing.

In this context, the greatest advantages are achieved 1n the
context of the invention if all three aforementioned condi-
tions are implemented.

Casing the sliding elements or the graphite sliding ele-
ments with polymers and/or filling the pores (in particular
the pores on the surface of the sliding means) with polymers
(as described 1n EP 0 471 329 B1) actually leads to disad-
vantages by comparison with the mvention as regards the
sliding etlect, since 1n this case the friction 1s increased again
and thus a larger amount of lubricant has to be used. In
particular 1n stretching installations, there 1s thus the risk that
the plastics material film to be stretched 1s subject to a
greater risk of contamination with lubricant and 1n particular
with lubricant droplets.

Thus, 1 by contrast sliding elements or sliding element
pairs of this type according to the invention are used in
connection with conveyor chains and especially 1n stretching
installations, the described drastic reduction 1n o1l medium
can be achieved. The sliding bodies according to the mnven-
tion are thus highly superior to the conventional graphite
sliding elements 1n this regard, since the sliding elements or
graphite sliding elements known 1n the prior art have a high
degree of wear, 1n particular 1n the highly loaded curved
portions and 1n particular in the stretching zone 1n stretching
installations.

Some significant advantages are thus achieved in the
context of the invention.

Thus, the wear can be reduced greatly in the entry phase
of approximately 1-2 hours.

As a result of the dramatic reduction i1n the lubricant
amounts, the soiling of the film to be manufactured by
condensate precipitates and micro-droplets 1s reduced or
prevented.

As a result of the shiding elements according to the
invention, 1t 1s further possible to raise the temperatures of
the materials involved 1n the sliding parr.

As a result of the new materials, 1t 1s possible to use
uniform base components, which merely have to be adapted
to the pegs and guide rails (and control rails) using adapter
solutions, over different series of chain conveyor systems.

As a result of the new matenials, different fluids, other
than high-performance oils, can also be used as an interme-
diate layer between the sliding pairs.

The graphite sliding elements according to the invention
can be used i particular 1n sliding path lubrication as well
as 1n chain pin lubrication.

These graphites may also be embedded in polymer matri-
ces, and exhibit similar properties to the “pure” graphite
clements Tecasint, Simimit (registered trade marks of Ens-
inger, DuPont SCP), etc.

In the context of the invention, other surprising results
have also been found. Thus, the aforementioned advantages
are achieved not only when the sliding bodies according to
the mvention are used, but also especially when the sliding
bodies according to the mvention are used within a specific




US 11,085,490 B2

S

sliding pair, for example with guide or control rails which
have a particular material constitution or surface constitu-
tion.

In this regard, the invention also relates to a method for
turther reducing the lubricant and 1n particular o1l amounts
in the lubrication of conveyor systems or parts thereot, thus
not only by using specific sliding bodies or sliding elements,
but also especially by using the sliding bodies or sliding
clements according to the invention in conjunction with
corresponding guide rails (and control rails). Thus, accord-
ing to the invention, specific sliding pairs are proposed,
which make it possible to reduce the lubricant requirement.
Sliding Pairs

When shiding pairs are referred to, this 1s understood to
mean a guide rail or control rail (for a conveyor chain), in
other words 1n particular including a gmide and/or control
rail 1n stretching installations, as well as corresponding
sliding elements which are provided or formed on the chain
or peg chain or the pentagraph system. In the prior art, these
sliding elements—as mentioned previously—often consist
of plastics matenials reinforced with carbon fibres, aramid
fibres or glass fibres, for example including with additions of
PTFE, 1n other words polytetrafluoroethylene, or materials
such as PEEK, 1n other words polyether ether ketone.

As mentioned previously, in the prior art sliding pairs
comprising graphite elements were proposed (for example
the atorementioned EP 0 471 329 Al or EP 1 652 877 Al),
without their use 1n stretching machines and the special
requirements thereof explicitly being discussed.

Meanwhile, 1n the context of the invention, it has been
found that sliding pairs are particularly suitable which
consist of the sliding elements according to the invention (as
dealt with above) and additionally of rail systems, 1n par-
ticular i the case of a stretching installation, of a guide or
control rail consisting of a material having an 1dentical or
similar thermal expansion coetlicient to the sliding elements.
It has further been found in the context of the mvention that
good counter partners for the sliding elements according to
the mvention (which comprise a high proportion of graphite)
are hard materials such as grey iron, hard metal, aluminium
oxide, silicon carbide, glass, materials coated with DLC
(“diamond-like carbon”, an amorphous carbon similar to
diamond), and 1n particular hard-alloy steels such as are used
for guide rails and control rails of stretching installations.

Hereinafter, the invention will be described 1n greater
detail with reference to embodiments. In the drawings, 1n
detail:

FIG. 1 1s a schematic plan view of a transverse stretching
installation, which may also be part of a sequential stretch-
ing installation;

FIG. 2 1s a cross section through a carrier device com-
prising a conveyor chain having associated pegs, which are
guided 1n the advance direction of the film web on one side
of the carrier device and carried back onto the return path on
the opposite side;

FIG. 3a 1s a three-dimensional drawing of a detail of a
conveyor chain having an associated peg unit, such as is
used 1n a plastics material film stretching installation;

FIG. 36 1s a drawing corresponding to FIG. 3a, but
partially 1n a cross section through the chain pins of the
conveyor chain;

FI1G. 4 15 a three-dimensional drawing of a sliding element
or sliding body which has a U-shaped cross section and
which 1s fitted, on the mutually facing inner faces, with a
sliding element according to the ivention;

FIG. 5 1s a three-dimensional drawing of a sliding base
clement, such as may be used and/or provided on the bottom
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of the conveyor chain and/or of a peg body so as to interact
with a corresponding carrier face of a carrier rail;

FIG. 6 shows an embodiment modified from FIG. 3a 1n
which the sliding bodies are inserted directly into the
conveyor chain bodies and/or peg bodies, preferably being
anchored detachably and thus replaceably;

FIG. 7 1s a graph of o1l consumption as a function of the
film thickness and thus of a changing load;

FIG. 8 1s a graph of a different o1l consumption for four
different chain systems, some from the prior art and some
with a configuration according to the mnvention of the sliding
elements;

FIG. 9 1s a graph of coellicients of friction of a sliding
clement according to the mvention.

BASIC CONSTRUCTION OF A TRANSVERS.
STRETCHING INSTALLATION

L1l

In a known manner, the film lateral or transverse stretch-
ing installation described below, also denoted hereinafter as
a TD stretching installation for short (T D=transverse direc-
tion), has two symmetrically formed drive systems. FIG. 1
shows the two drive systems, which extend perpendicular to
the plane of the drawing and are arranged symmetrically
about the plane of symmetry SE, the material web to be
treated, 1n other words stretched, in particular in the form of
a plastics matenal film F, being moved along the drawing
direction 1 (1in other words 1n the machine direction MD)
between the two drive systems, which circulate on closed
paths 2. In this context, the described TD stretching instal-
lation may also be part of a sequential stretching installation,
which conventionally comprises a longitudinal stretching
stage upstream from the transverse stretching installation
(transverse stretching frame) (although, for the avoidance of
doubt, this longitudinal stretching stage may also be down-
stream from the transverse stretching stage). However, the
invention may also in principle be used in pentagraph
systems, 1n other words 1n simultaneous stretching installa-
tions 1n which, by way of scissor systems, using control rails
in a divergent stretching zone, the conveyor chains, which
move along guide rails and are fitted with pegs, are not only
moved apart i the transverse direction of the stretching
installation, but also increasingly spaced apart 1n the longi-
tudinal direction of the stretching installation, so as to
perform the simultancous longitudinal and transverse
stretching.

The stretching installation shown in FIG. 1 thus com-
prises two chain conveyor systems 3 driven on the two
peripheral paths 2 in the circulation direction.

A monoaxial or umaxial film F (1f a longitudinal stretch-
ing installation 1s upstream from the transverse stretching
installation shown) or an unstretched film F (film being
referred to 1n the following, even though a treatment web F
in general can be treated and transversely stretched accord-
ingly using a stretching installation of this type, meaning
that the invention 1s not limited to a plastics material film
web 1n this regard) passes into the stretching installation 1n
the entry region E, where 1t 1s gripped and clamped by pegs,
which are explained further hereinafter, such as are shown
for example in FIG. 2, at both edges 8, specifically both on
the operator side (OS) and on the drive side (DS). The film
F 1s then heated 1n a downstream preheating zone PH, and
subsequently supplied to a stretching zone R so as to be
stretched 1n the transverse direction TD there. Subsequently,
the stretched film F passes through various heat treatment
zones HT, in which the film may also be relaxed. At the end
of the stretching installation, 1n the exit zone A, the film 1s




US 11,085,490 B2

7

unpegged using suitable means and then leaves the trans-
verse stretching machine, imn other words the transverse
stretching installation TD.

In the following, a peg conveyor unit KT 1s also dis-
cussed, sometimes also denoted heremaiter as a peg chain
unit KK (FIG. 2). This peg conveyor unit KT or peg chain
unit KK may have various technical configurations/variants.
Only one variant 1s to be explained here by way of example,
turther variants being known to a person skilled 1in the art
from the prior art. The aforementioned peg conveyor unit
KT or peg chain unit KK comprises the peg part 6, which 1s
connected to the chain part or conveyor part 7. In the
described example, 1n which a conveyor chain 1s used, a
chain part 7 which i1s part of the peg chain umt KK 1is
preferably referred to.

As 1s known and as 1s shown 1n cross section 1n FIG. 2,
these peg chain units KK, 1n other words the atorementioned
peg part 6 and the chain part 7, are located 1n a peripheral
conveyor system 3 which comprises a carrier structure, 1n
other words a carrier construction 11 and a peripheral
conveyor chain 13 on which the alforementioned peg parts 6
are fixed or formed so as to be entrained. The carrier
construction 11 comprises a guide rail 15. In addition to this
guide rail 15, a carnier rail 17, sometimes also designated
hereinafter as a weight running rail 17, which receives the
weight of the chain and the pegs 1s also further provided. As
can further be seen from the following description, the
conveyor chain, along with the pegs displaceable together
therewith, 1s guided and supported on the guide rail 15 using
sliding bodies GK configured according to the invention,
which are provided or mounted on the underneath of the
conveyor chain and in particular on the pegs or peg bodies
so as to be entrained therewith.

The described carrier structure may be used as a shared
carrier structure for the conveyor system both on the stretch-
ing or process side RS and on the return side RL (FIGS. 1
and 2). Other variants in which the carrier structure 1is
provided by the guide or control rail are also known to a
person skilled in the art from the prior art.

FIG. 2 1s a cross section through the conveyor system,
specifically with a shared carrier structure 11, which as well
as a centrally arranged, relatively vertically extending car-
rier 19 comprises a transverse carrier 21 supported thereby,
the rail 15, which extends from top to bottom and 1s
generally rectangular 1 cross section, being mounted on
cach of the opposing ends, which face away from one
another, of said carner, specifically as stated on the stretch-
ing side RS on the one hand and on the rear side RL on the
other hand. For example, 1n a shared carrier arrangement of
this type, the conveyor system as a whole 1s located inside
a furnace O. This furnace encloses the preheating zone PH,
the stretching zone R and the post-heating zone or relaxation
zone HT, 1n such a way that ultimately only the deflection
and drive systems provided on the inlet and outlet side end
up located outside the furnace O.

As stated, the conveyor chain 13 1s driven and deflected
on both the exit and the entry side by exit and/or entry
wheels AR and ER.

In this context, FIG. 3a shows a detail of an example of
a conveyor chain 13, the conveyor chain, in a known
manner, comprising chain links 13.1 1n each case which are
articulated to one another.

In this context, FIG. 3b 1s an example drawing, corre-
sponding to FIG. 3a, of a conveyor chain without pegs,
specifically partially 1n a cross section extending through a
chain pin that passes through the chain links. This cross-
sectional drawing shows not only the sliding elements 24 for
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the guide rail, which are inserted into the U-shaped recess 23
in the sliding block 21, but also the base sliding plate 25, via
which the conveyor chain 1s positioned on a corresponding
top of a sliding face of a guide rail. In this regard, a
corresponding sliding block 21 1s shown 1n FIG. 4 and a
sliding base element 25 1s shown in FIG. 5 1n a three-
dimensional drawing.

In this context, the sliding block 21 may 1tself consist of
or predominantly comprise a fibre-reinforced thermoplastics
plastics material, preferably in the form of PEEK (polyether
cther ketone), 1n which, 1n interaction with the two opposite,
lateral and generally vertical guide faces of the guide rail 15,
corresponding sliding elements or sliding plates 24 are used.,
which are configured according to the mnvention, as well as
the sliding base element or plate 25 shown 1n FIG. 5 for
interaction with the generally upward-facing guide face of a
guide rail 15.

The overall arrangement 1s for example such that a

U-shaped recess 26 1s provided between the peg part 6 (in
other words the actual peg portion) and the chain part 7 (in
other words the actual chain portion) so as to form a lower
bridge part B (via which the peg part 1s connected to the
chain part), a corresponding guide rail sliding bearing 21
being inserted, sometimes also denoted hereinafter as a
sliding block 21.
This guide rail sliding bearing 21' thus comprises a sliding,
body or sliding block 21 of U-shaped cross section having
an appropriate width or length 1n the direction of the guide
rail 15 for absorbing the corresponding guide forces here. It
should be emphasised that the sliding elements may be of
any desired shape and are not limited to the aforementioned
U shape.

In a deviation from FIGS. 3a and 35, FIG. 6 merely shows
that the sliding elements 24 may also be iserted directly
into corresponding recesses in the conveyor chain and 1n
particular 1n the peg body, preferably detachably and thus
replaceably. In this context, dovetail undercuts 31 may be
provided so as to slide or clip etc. the sliding elements 24
therein. Likewise, the sliding base element 25 may be fixed
on the bottom. There are in principle no limits on the fixing
types and variants. Any modifications are possible 1n this
context.

Otherwise, a complete sliding block 21 having associated
sliding elements 24 inserted (preferably detachably inserted)
into 1t can be 1serted mto the U-shaped recess to form the
peg body, for example including by means of projections 33,
which may be slid mto corresponding recesses 33 1n the peg
body (FIG. 4).

Using the transverse stretching installation shown 1n a
schematic plan view 1n FIG. 1 (which may also represent for
example the first or second stage 1n the sequential transverse
stretching installation), tests as regards an actual o1l con-
sumption can then be performed using different sliding
clements.

In the tests performed, diflerent sliding elements were
used, starting with sliding elements as known 1n the prior art.
In particular sliding elements were used which were
attached to the individual pegs of the convevor chain and
interacted with the sliding face of the guide rails and/or
carrier rails and which, i accordance with the prior art,
consisted of fibre-reinforced PEEK maternal. Corresponding
measurements were then taken for sliding elements accord-
ing to the invention, which are abbreviated as B21 for short
heremnafter. Thus, actual o1l consumption values could be
measured under actual production conditions of a stretching
installation. In this context, as indirect variables, the torques
of the drive motors at the entrance and exit of the stretching
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installation were the criteria. Using these variables, the
coellicients of friction of the corresponding sliding pairs can
be determined indirectly.

In accordance with FIG. 1, the following actual results
thus occur, for example:

the torques of the entry motors are for example 55% of the

overall torque (here 4,400 [Nm]),
on the drive side (DS), the exit torques are for example
31% of the overall torque (here 18,400 [Nm]), and

the exit torques on the operator side (OS) are for example
28% of the overall torque (here, as stated, 18,400
[Nm]).

In FIG. 1, at the individual positions of the stretching zone
and the heat treatment/cooling zone, the temperatures are
specified at the top and bottom of the guide rails/carrier rails
in each case.

In the described test setup according to FIG. 1, for
example four lubricating assemblies are used, specifically at
the inlet, 1n the region of the middle drive side, on the middle
operator side and at the outlet.

In this connection, the following table specifies for these
four lubricant supply units an example of the corresponding
daily lubricant amounts, a particular speed factor (1.2) and
a particular thickness factor (1.0) being applied. The pen-
ultimate column gives the theoretically determined value of
0.483 1 per day.

The last column gives actually measured lubricant aver-
ages at the four lubricant unit supply points, in other words
the actual o1l consumption, the last row specifying the total
daily lubricant amount.

Lubri- Consumption Actual
cation Consumption Speed Thickness specification consumption
site [l/day] factor factor [l/day] [l/day]
Inlet 0.42 1.2 1.0 0.483 0.464
Middle 0.42 1.2 1.0 0.483 0.435
drive

side

Middle 0.42 1.2 1.0 0.483 0.493
operator

side

Outlet 0.42 1.2 1.0 0.483 0.341

Sliding Elements or Sliding Bodies According to the Inven-
tion

The prior art has already proposed sliding bodies or
sliding elements which consist of graphite or comprise a
significant proportion of graphite. As was described previ-
ously, 1t was proposed in the prior art to use graphite sliding
clements which have been impregnated using polymers.

In the context of the invention, however, 1t has now been
tound that the use of polymers of this type merely means that
if the graphite sliding bodies have pores these pores are filled
in. This then has the result that no lubricant, such as o1il, can
penetrate nto these pores, ultimately actually reducing the
sliding capacity.

It has therefore been found in the context of the invention
that sliding bodies made of graphite and 1n particular elec-
trographite which have a minimum pore size should be used.

This minimum pore size should be approximately 8% or
more than 8%. Good values can be achieved 1f the pore size
1s at least 9% or 10% and more. Values below 25% are
entirely suflicient and satisfactory in this context.

As a result of this pore size, lubricant such as o1l can then
penetrate into these pores, causing the long-term sliding
capacity of a graphite sliding element of this type to be
greatly improved by comparison with conventional solu-
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tions. Ultimately, as a result of the capillary forces, the
lubricant can penetrate into these pore openings and thus
contributes to reducing the overall lubricant requirement. In
the tests, 1t was found to be particularly advantageous 1t the
pores of the sliding elements are soaked with o1l as com-
pletely as possible, for example by storing them 1n an o1l
bath for several hours before they are installed in the bearing
clements. This primary saturation greatly reduces wear.

The eflects can be further improved by using a graphite
sliding body which 1s impregnated with a minimum propor-
tion of 1morganic salts and 1n particular metal salts. Espe-
cially impregnation with metal salts 1n the form of phos-
phates (for example tertiary orthophosphates) leads to
particularly good results. In particular, aluminium phosphate
(AIPO,) may also be mentioned here. A further improve-
ment can be achieved by additionally subjecting the graphite
powder used to 1sostatic pressing during the manufacturing
process of the sliding elements. Finally, 1t should be noted
that, during the impregnation with metal salts, metal salt
compounds such as in particular metal phosphates should be
used which have a particle size in the range of 3 um and
more and preferably less than 150 um.

In conclusion, 1t can thus be established that the sliding
bodies according to the mnvention are distinguished by one or
other of the following features, especially in combination:

The sliding elements are provided with an impregnation,
preferably in the form of morganic salts, 1n particular
phosphates (salts and esters of orthophosphoric acid).

The sliding elements are impregnated with metal salts, 1n
particular in the form of aluminium phosphate (AIPO,).

The inorganic salts, 1n particular in the form of phosphates
and particularly preferably in the form of aluminium
phosphate, are embedded in the sliding element or
sliding body 1n a proportion of 1% by weight to 20% by
welght.

The phosphates and 1n particular metal phosphates should
preferably have particle sizes 1n the region of d50=30
um, d90=100 uym and d50=5 pum, d90=15 pum and
particularly preferably of d50=7 um, d50=30 um.

The shiding elements are fully impregnated not only 1n a
surface region or a surtace layer up to 1 mm or 2 mm,
but preferably completely.

The starting materials required for manufacturing the
sliding elements are “baked” together using a suitable
method, for example by i1sostatic pressing, ultimately
causing the sliding elements to be produced.

The particle sizes and the particle distribution of the
graphite powder used as a starting material for manu-
facturing the slhiding elements should also be 1n par-
ticular ranges. The maximum particle size distribution
(average particle size, expected value) of the graphite
powder used as a starting material, but also of the
sliding element manufactured by pressing, 1s between 3
and 15 um, depending on the desired mechanical val-
ues, for example the bending strength. Preferably, aver-
age particle sizes between 7 and 10 um have been found
to be suitable. Sizes between 14 and 18 um as a median
d(50), between 2 and 4 um as a d(10) and between 42
and 50 um as a d(90) have been measured. (The values
d,,, d<n and do, are used to characterise a particle size
distribution. The d., value 1s defined as the average
particle size distribution [DIN 13320]. The values d,
and d,, are used to describe the width of a particle size
distribution d_ . ,,=do4—d, ).

The open pore sizes and/or pore distribution of the sliding
clements 1s at least =8 by volume or preferably 9% by
volume, 10% by volume, 11% by volume, 12% by
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volume, 13% by volume, 14% by volume or =15% by
volume. In this context, the corresponding values for
the open pore size of the sliding element should further
be =20% by volume, 1n particular =18% by volume,
16% by volume, 15% by volume, 14% by volume, 13%
by volume, 12% by volume or 1n particular =11% by
volume.

The sliding elements have for example oil-saturated pores
or 1n general fluid-filled pores, specifically under con-

ventional operating conditions, for example at an air
humidity of =5 (preferably 8-20) [g/m”].

In this context, it 1s further noted that as a fundamental
principle the particle measurement has a distribution curve,
for example 1deally a normal distribution.
lests

A series of tests were performed on stretching installa-
tions, specifically both using fibre-reinforced sliding ele-
ments such as are known 1n the prior art and using graphite
sliding elements which already have one or more of the
preferred features according to the invention.

For this purpose, reference 1s made to the table of prop-
erties appended to the end of the description, from which
vartous values relating to conventional fibre-remforced
graphite sliding elements and to a graphite sliding element
according to the mvention can be derived.

In the aforementioned table of properties appended to the
end of the description, values for graphite sliding bodies can
be derived from columns a, b, ¢, d, e, 1, P, SFU and SR, these
being graphite sliding bodies which are known from the
prior art.

The final column reproduces the data relating to a graphite
body according to the invention, under the designation B21.

Using fibre-reinforced sliding elements and graphite slid-
ing bodies of this type, test series were performed, the table
reproduced below establishing what lubricant amounts are
required when a conventional fibre-reinforced PEEK sliding,
body 1s used 1n a stretching 1nstallation and by contrast when
a graphite body 1s used which already has one, two or three
preferred features. In this context, a chain system C was used
in which 1t was possible to move a plastics material film web
to be stretched through the stretching installation at a
maximum advance speed (limit speed) of 525 m/min. The
sliding bodies used were distinguished as follows:

C1: The sliding body C1 consists of a conventional fibre-
reinforced sliding body (PEEK) which has been impreg-
nated as described 1n the prior art with a polymer mass.

C2: A corresponding test series was performed using a
graphite sliding body C2 modified from the prior art,
which by way of example had an open pore size of 10%.

C3: In this test, by comparison with the test setup using the
sliding body C2, the sliding body C3 had further addi-
tionally been fully impregnated with aluminium phos-
phate.

C4: This sliding body C4 1s a graphite sliding body which
has a pore size of 10%, has additionally been impregnated
with aluminium phosphate, and has further been subjected
to 1sostatic pressing.

Test series were performed 1n which corresponding con-
veyor chains comprising the sliding bodies were used for up
to 1000 operating hours and well over 1000 operating hours.

In this context, the individual rows of the table below
specily a base factor B for the sliding bodies C1, C2, C3 and
C4, which represents the amount of lubricant [in litres] per

minute and per day when the advance speed of the plastics
material film 1s less than 525 m/min and the film thickness
1s =20 um, for the sliding bodies C1, C2, C3 and C4.
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Operating Cl1 C2 C3 C4
Chain system hours [107°]  [107°] [107°] [107°]
Basic factor of the <1000 h 28 14 7 5.04
sliding face [I/m/24 h] >1000 h 12 6 4 2.52
(v = 300 m/muin, film
thickness = 20 um)
Limit speed [m/min] 525

The following table summarises the o1l consumptions,
which are dependent on the speed and the film load:

B21 B21 B21

Chain system C of length Prior art sliding sliding sliding
350 [m], end speed 525 sliding system  system  system
[m/min] and 30 [um] system test rig  testrig  test rig
film thickness Cl1 tests C2 C3 C4
Chain length 350 [m] 4.90 2.45 1.67 0.88
Bf = 0.014 = 100%
for >1000 h
Factor of increase 1.441
due to speed

7.06 3.53 2.40 1.27
Factor of increase 1.15
due to film thickness

5.64 2.82 1.92 1.01
Overall, only 11.96 5.98 4.07 2.15
dependent on speed
Overall, with film load 17.60 8.80 5.98 3.17

In this context, at a limit speed of 525 m/min and a chain
length of 350 [m], the consumption values reproduced 1n the
final row occurred.

For a better understanding, in this connection an example
calculation for the chain system C1 comprising a standard
PEEK sliding system having a chain length of KLL=350 m
will be given. Use for more than 1000 operating hours
results 1n a base consumption of

Consumption=KL*Bf=14*350 m*10°=4.9

For a chain sliding system which 1s preferred according to
the invention, in accordance with example C4, this results in
a greatly reduced o1l amount of only 0.9 [1/24 h].
Preferred Values for a Graphite Sliding Body According to
the Invention

The mvention table appended at the end of the description
specifies preferred values for the graphite body according to
the 1nvention.

In this context, for achieving the benefit according to the
invention, 1t 1s of decisive importance that the graphite body
according to the mvention has the at least preferably speci-
fied pore size.

The lubricant reduction can be further improved if the
graphite body according to the invention 1s further impreg-
nated with an inorganic salt, i particular a metal salt,
preferably with a metal phosphate, 1n particular using alu-
minium phosphate. A further improvement occurs, as an
alternative to the aforementioned point and preferably 1n
addition, if the graphite body has preferably additionally
been subjected to 1sostatic pressing.

In principle, 1t 1s suflicient 1f the impregnation with the
inorganic salt 1s carried out or provided in a suilicient
surface layer having a suflicient layer on the sliding body or
sliding element. Preferably, however, a sliding element 1s
used which i1s fully impregnated with the morganic salt.
Preferred Sliding Pairs

Aside from the sliding elements explained above which
have the advantages according to the mvention, favourable
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reduced coeflicients of friction and thus a reduced lubricant
requirement occur, in particular 1n conveyor chains such as
are also used 1n stretching installations, 11 the corresponding
carrier elements cooperating with the sliding elements also
have specific properties.

In particular 1n the case of a stretching installation, the
carrier elements which cooperate with the conveyor chain
and/or the pegs are guide rails, carrier rails and/or 1f appli-
cable control rails. In this context, the sliding elements
according to the invention are preferably provided on the
conveyor chain or the pegs, specifically at the points which
cooperate with the corresponding sliding faces on the guide
rail and/or the conveyor rail (or if applicable the control
rail). Good physical compatibility occurs as a result of a
pairing of materials having identical or similar thermal
expansion coeflicients. Through targeted selection of the
formulation constituents, the expansion coeflicient both of
the sliding elements and of the rails which interact therewith
can be adjusted.

The sliding elements according to the invention thus have
advantages especially when they are used in stretching
installations. This has never been subject to separate exami-
nation in the prior art thus far.

Good physical compatibility then occurs as a result of
pairing materials having 1dentical or similar thermal expan-
sion coellicients. Good counter partners for the conveyor
chains/conveyor pegs provided with the sliding elements
according to the invention are, for example, rails formed
from hard materials, such as grey iron, hard metal, alu-
mimum oxide, silicon carbide, glass, materials coated with
DLC, and in particular hard-alloy steels. These are thus
materials such as are used in any case 1n particular for rails,
in other words guide rails and carrier rails, in stretching
systems.

Purely by way of example, the properties of a counter
partner of this type, in the form of a guide rail as used 1n the

performed tests, will be reproduced:
Matenal 1.7225=42CrMo4V (quenched and tempered steel)

Surface roughness: Rz5 (polished)
Hardness: Surface >600-650 HV 0.5

at depth 0.2>400 HV 0.5

core hardness 0.3>300+50 HV 0.5
Thermal expansion coeflicient
at 20° C.-200° C.: 12.1x10-6 K-1
Change 1n the Required Lubricant Amount as a Function of
Further Factors

In principle, further factors may be noted which lead to a
change 1n the lubricant amount.

Although the changes discussed hereinafter in the lubri-
cant amount also occur 1n conventional graphite bodies, the
corresponding eflects are sometimes particularly surprising
when a graphite body according to the invention 1s used. In
this context, 1f the graphite body according to the invention
or the preferably appropriately developed graphite body
according to the invention 1s used, it 1s ensured 1n all cases
that the necessary lubricant amount 1s much lower than in
comparable prior art solutions, 1n particular if PEEK sliding
bodies are used.

In this context, it 1s assumed that these sliding bodies, as
in the prior art, are also preferably used in contact with guide
rails/carrier rails (and/or control rails), in particular in
stretching installations of which the rails consist of or
comprise steel as the basic substance.

Speed-Dependent Factor

Above a limit speed, there 1s a linearly increasing speed-
dependent additional o1l consumption 1n addition to the base
value reproduced 1n the table above.
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In tests, the following relationship was demonstrated:
F =( F- G)[m/min]*0.3[% min/m]+1

Here, F 1s the factor for the additional o1l consumption at an
end speed E on the basis of a film thickness of 20 um. In
this context, the limit speed G 1s dependent on the chain
system 1n question. For the chain system C presently under
consideration, /G 1s 300 [m/min]. Up to G, a constant o1l
consumption value 1s set.
Load-Dependent Factor

For film thicknesses greater than 20 um the o1l consump-
tion 1ncreases as a result of the additional forces due to the
greater {llm thickness, 1n accordance with the relationship:

Fp=(th=20)[um]*1.5[%/um]+1

Here, F,, 1s the factor for the film thickness th.

The corresponding relationships can be seen from FIG. 6
(graph) graph 1s missing or incorrectly characterised, which
illustrates the lubricant amounts used when a graphite slid-
ing body (C1, C2, C3 or C4) corresponding to the above
definition 1s used.

Using these above-mentioned supplementary values thus
gives the daily o1l or lubricant consumption 1n a correspond-
ing stretching installation using a conveyor chain which
moves along together with the described sliding bodies on a
guide rail, as can be seen 1n FIG. 7.

In this context, FIG. 7 shows the o1l consumption along
with 1ts speed-dependent factor F  and the load-dependent
factor F,,, depending on whether a sliding stone C1, C2, C3,
C4 15 used. In this context, as a function of the sliding stones
C1-C4 used, FIG. 7 shows the speed-dependent factor F,

abbreviated as al, a2, a3 or a4 and the load-dependent factor
F,, abbreviated as bl, b2, b3 or b4.
It can also be seen from this that the sliding bodies
according to the invention lead to a drastic reduction 1n the
lubricant requirement, specifically in the cases
where only the pore size has the desired minimum dimen-
sion (of more than 8% and preferably less than 20%),

where additionally, 1n the case of a sliding stone C3, the
graphite body has additionally further been impreg-
nated with a metal salt, preferably 1n the form of a metal
phosphate, in other words using aluminium phosphate
in the embodiment shown, and

where a sliding body accordingly prepared in this manner

has additionally further been subjected to isostatic
pressing.

FIG. 7 shows, on the left, the o1l medium consumption for
a stretching installation using prior art stretching bodies Cl1
(PEEK sliding system) and, on the right, the variant pre-
terred according to the ivention comprising a sliding body
C4.

Decreasing Lubricant Consumption with Higher Tempera-
ture of the Sliding Pair (Guide Rail/Shiding Element)

Finally, 1t should further be noted that, both when prior art
graphite sliding bodies are used and when graphite sliding
bodies according to the invention are used, the coeflicient of
friction decreases with an increasingly high temperature of
the shdmg pair (gu1de rail/shiding element).

This 1s shown 1 FIG. 9.

Therefore, the lubricant requirement can also be reduced
turther 1t the sliding pair F has been brought to an appro-
priate higher temperature level.

The coeflicients of friction 1n FIG. 9 are divided into three
sections, the first section R1 relating to the coethicient of
friction according to manufacturer specifications, the section
R2 relating to the coelflicient of friction as determined from

the test installation, and section R3 reflecting the coeflicient
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of friction as derivable from linear extrapolation on the basis
of the first two coetlicient of friction progressions according

to R1 and R2.

Decreasing Friction and Resulting Reduction 1n the Lubri-
cant Requirement as a Result of Appropriately Broken-in
Graphite Elements with a Polished Graphite Sliding Body
Surface

A comparison of used and already inserted graphite
sliding elements shows significant differences in topogra-
phy. New graphite sliding elements generally have height
profile differences of up to approximately 5 um per face
clement, while 1n used graphite sliding elements these height
profile differences often only remain as a height difference
of approximately 1 um.

The height structure 1s thus homogenised 1n broken-in
sliding elements, peaks on the graphite body sliding face
having been polished away. This homogenisation of the
topography also contributes to broken-in sliding elements
having a lower o1l consumption and explains why this 1s the
case.

Sliding Elements According to the Invention

The table of properties reproduced on the page below has
already been mentioned.

It establishes values for sliding elements having corre-
sponding different test setups.

The sliding elements a, b, ¢, d, e, 1, P, SFU, SR and B21
along with the respectively stated properties were deter-

mined 1n 1dentical tests and test setups. The sliding elements
a-1, P, SFU and SR are known from the prior art. The sliding
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the prior art sliding elements as well as for the shiding
clement B21 according to the invention.

The final column E specifies that preferred values for the
sliding element according to the invention may be for
example up to 75% less than the value specified in the
penultimate column for the sliding element B21 up to 25%
above these values.

Thus, the final column E states the preferred range speci-
fications which represent the preferred properties for the
sliding element according to the ivention.

This 1s intended to express that for example the porosity,
which for the sliding element B21 according to the invention
1s specified as 10% by volume, can fluctuate from 7.5% by
volume to 12.5% by volume.

In this context, the deviations may be between any
sub-ranges of this range specification.

In other words, for example, for the specification—=25%,
cach value may deviate from the optimum value by prefer-
ably less than -25%, —24%, -23%, -22%, . .., =5%, —-4%.,
-3%, —2% or by less than —1%.

Likewise, for example, for the specification+25%, the

values should preferably not be greater than +25%, 1n
particular not greater than +24%, +23%, +22%, . . ., +5%,
+4%, +3%, +2% or not greater than +1% with respect to the
value specified 1n the penultimate column 1n each case.

In this context, the aforementioned deviations are of
significance especially as regards the porosity. The other
values could also potentially be over the below or above the
specified range limaits.

Property table (compariston of properties of some graphites which were tested as sliding elements)

Property Units Standard a b C

Density o/cm? DIN IEC 1.70 1.75 1.70
60413/203

Hardness Rockwell DIN IEC 105 105 105

HR5; 100 B 60413/303

Bending MPa DIN IEC 55.2 40 60

strength 60413/501

Compression MPa DIN 51910 155 100 180

strength

Modulus of GPa DIN 51915 22 16 18

elasticity

Thermal 107K~"  DIN 51909 3.06 6.5 4.14

expansion

(20-200° C.)

[pm/m ° C.]

Thermal Wm K" DIN 51908 12 11 14

conductivity

Thermal > C. 350 350 350

resistance in

oxidising

atmosphere

Porosity Vol. % 11 8

(open)

Elec. n€2m

resisticity

Average LLITL

particle

S17¢e

Bfrom 20-150° C. |

clement given in the penultimate column and labelled with
the name B21 relates to an optimised sliding element
according to the mvention.

The corresponding values for the density, hardness, bend-
ing strength, compressive strength, modulus of elasticity, the
relevant values for the thermal expansion, for the thermal
conductivity etc. can be seen from this table of properties for

d S f P SFU SR B21 E
1.68 1.73 2.535 1.78 2.02 1.88 1.85 +=25%
95 105 115 86 115 110 90 +=25%
35 75.8 79.3 112 105 85 58.6 +=25%
10 120 290 175 215 170 148 +=25%
896 22 20.7 14.5 12 13.5 13.8 +=25%
3.78 11.04 5.94 8.1 7.8 4.7 3.96  £=25%
25 6 32.9 70 82 100 79.5 +=25%
500 180 600 +=25%
14 0 <2.5 20 8 10 10 +=25%
19.5 10 13 +=25%
1 <5 3 +=25%
+=<100%

60

65

The invention claimed 1s:

1. A sliding element, for a stretching installation and/or
conveyor chain, comprising graphite or electrographite,
wherein

the sliding element has pores, the open pore size being
=7.5% by volume, and
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the particle size of the graphite particles used as a starting
material for the sliding elements 1s between 3 um and
15 um,

wherein the sliding element 1s impregnated with inorganic
salts and/or morganic salts are embedded in the shiding
clement.

2. A sliding element according to claim 1, wherein the
open pore size 1s at least =28% by volume.

3. A shiding element according to claim 1, wherein the
open pore size of the sliding element 1s =20% by volume.

4. A shiding element according to claim 1, wherein the
particle size of the graphite particles used as a starting
material for the sliding elements 1s greater than or equal to
4 nm.

5. A shiding element according to claim 1, wherein the
graphite particles used as a starting material for manufac-
turing the sliding elements are 1n a particle size distribution
in which the median value d(50) for the particle size 1s
between 14 um and 18 um, and the value for d(10) 1s
between 2 um and 4 um and for d(90) 1s between 42 um and
50 um.

6. A sliding element according to claim 1, wherein at least
60% of the pores provided 1n the sliding element are soaked
with oil.

7. A shiding element according to claim 1, wherein the
inorganic salts are embedded at least 1n a surface layer of the
sliding element and/or the sliding element 1s 1mpregnated
with 1norganic salts in this region.

8. A sliding element according to claim 1, wherein the
sliding element 1s impregnated with morganic salts or com-
prises embedded inorganic salts, which consist of or com-
prise phosphates or tertiary orthophosphates.

9. A sliding element according to claim 4, wherein the
inorganic salts make up 1% by weight to 10% by weight.

10. A sliding element according to claim 1, wherein the
sliding element 1s formed as an 1sostatically pressed sliding
clement.

11. A sliding element according to claim 1, wherein the
sliding surface of the sliding element has a maximum
roughness at which height deviations are below 5 um.

12. A sliding element according to claim 11, wherein the
sliding surface of the sliding element 1s polished.

13. A stretching installation or conveyor chain for a
stretching 1nstallation, comprising sliding elements, wherein

the sliding elements comprising graphite or electrograph-

ite, and

the sliding elements have pores, the open pore size being

=7.5% by volume,
the particle size of the graphite particles used as a starting
material for the sliding elements 1s between 3 um and
15 um, and

wherein the slhiding elements are impregnated with inor-
ganic salts and/or 1norganic salts are embedded 1n the
sliding elements.

14. A stretching installation or conveyor chain for a
stretching installation according to claim 13, wherein, as a
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counter partner for the conveyor chain, a carrier construction
in the form of a guide rail and/or carrier rail and/or control
rail 1s provided, the thermal expansion coeflicient of which
corresponds to the thermal expansion coeflicient of the
sliding elements or deviates therefrom by less than 25%.

15. A stretching installation or conveyor chain for a
stretching 1nstallation according to claim 14, wherein the
guide rail and/or carrier rail and/or control rail consists of a
maternal having a degree of hardness which corresponds to
the degree of hardness of the sliding elements or deviates
therefrom by less than 25%.

16. A stretching installation or conveyor chain for a
stretching installation according to claim 14, wherein the
guide and/or carrier and/or control rail 1s heated above a
temperature limit value to reduce the coeflicient of friction.

17. A sliding element according to claim 1, wherein the
open pore size 1s at least =15% by volume.

18. A sliding element according to claim 1, wherein the
open pore size of the sliding element 1s =11% by volume.

19. A sliding element according to claim 1, wherein the
particle size of the graphite particles used as a starting
maternal for the sliding elements 1s greater than or equal to
10 um.

20. A shiding element according to claim 1, wherein the
particle size of the graphite particles used as a starting
material for the sliding elements 1s less than 14 um.

21. A shiding element according to claim 1, wherein the
particle size of the graphite particles used as a starting
material for the sliding elements 1s less than 5 um.

22. A shiding element according to claim 1, wherein over
95% of the pores provided in the sliding element are soaked
with oil.

23. A shiding element according to claim 1, wherein at
least 99% of the pores provided 1n the shiding element are
soaked with o1l.

24. A shiding element according to claim 1, wherein the
sliding element 1s impregnated with aluminium phosphate.

25. A shiding element according to claim 4, wherein the
inorganic salts make up 4% by weight to 6% by weight.

26. A shiding element according to claim 1, wherein the
sliding surface of the sliding element has a maximum
roughness at which height deviations are below 1 um.

27. A stretching installation or conveyor chain for a
stretching installation according to claim 13, wherein, as a
counter partner for the conveyor chain, a carrier construction
in the form of a guide rail and/or carrier rail and/or control
rail 1s provided, the thermal expansion coeflicient of which
corresponds to the thermal expansion coeflicient of the
sliding elements or deviates therefrom by less than 5%.

28. A stretching installation or conveyor chain for a
stretching 1nstallation according to claim 14, wherein the
guide rail and/or carrier rail and/or control rail consists of a
material having a degree of hardness which corresponds to
the degree of hardness of the sliding elements or deviates
therefrom by less than 5%.

G ex x = e
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